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Abstract 
In the last few years a branch of pain research has been focussing on the modulatory 
effects of the vision of the body on pain perception. So, for instance, the vision of 
one’s own real body has been proven to induce analgesic effects. On the other hand, 
bodily illusions such as the rubber hand illusion have provided new tools for the 
study of perceptual processes during altered body ownership states. Recently, new 
paradigms of body ownership made use of a technology that is going places both in 
clinical and in experimental settings, i.e. virtual reality. While the vision of one’s own 
real body has been proven to yield compelling analgesic effects, slightly more 
controversial are those attributed to the vision of “owned” dummy bodies. This 
review will discuss the studies that examined the effects on pain perception of the 
vision of the own body, with or without body ownership illusions. 
 
Introduction 
With more than six hundred thousand articles published on the topic, pain is 
certainly one of the best studied areas in the realm of medicine and neuroscience. 
Yet, due to its intrinsic subjective nature and the plethora of factors that may 
modulate it, much is left to be discovered. It is widely accepted that pain is both a 
sensorial and emotional conscious experience and it has a protective function, 
steering attention toward a potential threat, thus facilitating the avoidance of 
dangerous situations. However pain can also occur in the absence of actual tissue 
damage and “nociception and pain should not be confused, because each can occur 
without the other” (Loeser & Treede, 2008). At the neural level, a set of brain areas 
have been identified as being specifically recruited to encode the pain experience. 
These areas form the so-called “pain matrix” and are commonly the primary and 
secondary somatosensory cortices (SI and SII), the insula, the anterior cingulate 
cortex (ACC), prefrontal cortex (PFC), thalamus, basal ganglia, and cerebellum 
(Schweinhardt & Bushnell, 2010). The same brain areas have been shown to be active 
even during the observation of pain in others, in empathy for pain studies (Botvinick 
et al., 2005; Lamm, Batson, & Decety, 2007; Saarela et al., 2007). Nevertheless, the 
existence of a specific set of brain areas selectively dedicated to encode the pain 
experience is still a matter for debate. The “pain matrix” has been lately challenged in 
favour of a neural network that mainly responds to salient stimuli, i.e. stimuli 
capable of engaging one’s attention and motivational status, requiring the subject to 
make a prompt decision (Apkarian, Hashmi, & Baliki, 2011). So, if on one hand 
evidence exist in favour of neural structures selectively responding to nociception 
and pain (Vierck, Whitsel, Favorov, Brown, & Tommerdahl, 2013; Wager et al., 
2013), on the other hand studies suggest that the activation of the putative “pain 
matrix” is prompted by all salient stimuli, regardless of the sensory channel involved 
(Mouraux & Iannetti, 2009; Mouraux, Diukova, Lee, Wise, & Iannetti, 2011). In such 
theoretical framework this salience-detection system would have a protective 
function detecting and reacting to possible threats, not merely painful, to ensure the 
physical integrity of the body (Legrain et al., 2012). Further reading on the 
theoretical frameworks about pain perception can be found in the historical overview 
of the main pain theories written by Moayedi & Davis (Moayedi & Davis, 2013). 
The great interest in pain research can be easily explained by the fact that pain 
significantly represents a social and economic burden, as well as by the negative 
impact that it has on the sufferer’s life. Indeed, not only is pain an unpleasant 
sensory and emotional experience but, in some cases, it can deeply affect person’s life 
leading to suicidal ideation and behaviour (Campbell et al., 2015). Many studies have 
therefore attempted to find ways to manage pain states via pharmacological or non-
pharmacological interventions. Of particular interest are the non-pharmacological 
interventions as they bypass the significant adverse side effects reported by 
conventional drug use (Carter et al., 2014). Belonging to this category are a series of 
studies that focussed their attention on the analgesic effects of cross-modal 
perception, for example pain and vision. In particular, from a seminal work with 
phantom limb pain published twenty years ago (Ramachandran & Rogers-
Ramachandran, 1996), a series of studies in the pain research have concentrated 
their attention on the role played by the vision of one’s own body in the modulation 
of pain. Bodily illusions like the rubber hand illusion (Botvinick & Cohen, 1998) and 
its virtual counterpart (Sanchez-Vives, Spanlang, Frisoli, Bergamasco, & Slater, 
2010) have provided new avenues for investigating pain perception during body 
ownership paradigms. Exploiting the principle that, provided synchronous 
multisensory cues, one can feel a new fake body part as part of their own body, the 
feeling of body ownership can be extended to body parts that differ from the original. 
However, while the vision of one’s own real body part has been shown to be analgesic 
(Longo, Betti, Aglioti, & Haggard, 2009), there has been a recent debate on whether 
the analgesic effects of seeing one’s own body part holds true also during the vision of 
fake (rubber/virtual) “owned” body parts (Gilpin, Bellan, Gallace, & Moseley, 2014; 
Martini, Perez-Marcos, & Sanchez-Vives, 2015).  
The present work aims to review the research articles that so far have focussed on the 
effects on pain perception of the vision of one’s own body, either real, rubber or 
virtual. 
 
The vision of one’s own body in pain 
Cross-modal interactions between the vision of the body and somatosensation have 
been extensively investigated (Macaluso & Maravita, 2010; Medina & Coslett, 2010; 
Serino & Haggard, 2010; Wesslein, Spence, & Frings, 2014). A seminal study by 
Tipper for instance, showed how the vision of one’s own body part influences tactile 
perception (Tipper et al., 1998). However, it was only 10 years after Tipper’s work 
that the possible effects of the vision of the body were investigated regarding pain 
perception in non-amputees. In 2008, Valeriani and co-workers found that when 
their participants observed clips of another’s hand receiving painful stimuli, while 
they concomitantly were getting painful laser stimulations on their hands, the early 
nociceptive-related neural processing was modulated, compared to the observation 
of the controlled stimuli (Valeriani et al., 2008). A step forward on this line was 
taken by Longo and collaborators in another laser-evoked potentials (LEPs) study 
(Longo, Betti, et al., 2009). In their work, these authors reported the first evidence 
that the vision of one’s own body part in pain is analgesic. In three different 
experiments they showed how while their subjects were looking at their own 
painfully stimulated hand (but still keeping vision non-informative of the painful 
stimulation that was occurring), they felt less pain compared to when they were 
looking at a box or even at somebody else’s hand. The analgesic effect related to the 
vision of their own body part was also accompanied by a reduction of the late N2/P2 
components of the LEPs (Longo, Betti, et al., 2009). The authors proposed that this 
effect was likely to be due to a visually-induced activation of the inhibitory 
GABAergic interneurons in the somatosensory areas. In support of this idea are the 
findings from a somatosensory evoked potentials investigation. Here Cardini and 
coworkers found that the vision of the hand, compared to the vision of a box, 
produced a suppression of the early somatosensory potential when two fingers were 
stimulated at the same time, thus revealing an augmented inhibitory interneuronal 
activity within the somatosensory cortex (Cardini, Longo, & Haggard, 2011). This 
result was later supported by another EEG study showing that the vision of the body, 
compared to the vision of a neutral object, increased noxious-related beta oscillatory 
activity bilaterally in the sensorimotor cortices, likely reflecting cortical inhibitory 
activity of nociceptive stimuli processing (Mancini, Longo, Canzoneri, Vallar, & 
Haggard, 2013). 
Furthermore, in a following neuroimaging study, it was found that the vision of the 
body part subjected to painful stimulations increased the functional coupling 
between areas of the so-called “pain matrix” and the visual body network areas in the 
posterior parietal cortex and occipito-temporal areas (Longo, Iannetti, Mancini, 
Driver, & Haggard, 2012b). Also, the vision of the hand led to a reduction in the 
activation of the primary somatosensory cortex and the operculo-insular cortex 
following painful stimuli (Longo, Iannetti, Mancini, Driver, & Haggard, 2012a).  
Most importantly, the analgesic effects of the vision of the body seem to be site-
specific, so that less pain is felt only when looking at the body site where pain occurs 
(Martin Diers et al., 2013). Also, the visual modification (in size) of the body part 
observed, shapes the pain modulation according to whether the seen body part is 
enlarged or shrunk (Mancini, Longo, Kammers, & Haggard, 2011a). However, results 
coming from studies changing the body part, size, are contradictory. For instance, it 
has been shown how the vision of a tinier hand seen through a convex mirror leads to 
a diminished heat pain threshold, while the vision of a bigger hand through a 
concave mirror increases heat pain threshold (Mancini et al., 2011a).  Likewise a 
recent study showed that the visual magnification of the stimulated hand led to a 
reduced unpleasantness related to the painful stimulation, accompanied by a 
reduced physiological response (SCR) (Romano & Maravita, 2014). Nevertheless, a 
study conducted on chronic pain patients reported the opposite results. Here the 
vision of their magnified hand, led patients with chronic hand pain to feel more pain 
during the movement of their limb while the vision of their shrunk hand reduced it 
(Moseley, Parsons, & Spence, 2008). On the same line Diers and coworkers showed 
that the observation by chronic pain patients of their own downscaled back reduced 
their pain, while no effect was reported for the vision of an enlarged back (Martin 
Diers et al., 2013). The same result has been found by Ramachandran in a case study 
with a patient with phantom limb pain: a minimizing lens that gave the illusion that 
the lost left forearm was back there although shrunk, reduced the patients’ pain, 
while a magnifying lens provided no pain modulation (Ramachandran, Brang, & 
McGeoch, 2009).  Conversely, regardless of the type of visual manipulation, 
osteoarthritis patients seem to benefit from either the illusion that their hand in pain 
is stretching or shrinking (Preston & Newport, 2011). These contradictory results 
reported by studies on healthy subjects, as well as chronic pain patients, would point 
at a complex relationship between pain and the neural representation of the body. A 
possible explanation could reside in the altered neural representation of the body in 
chronic pain patients (Gilpin, Moseley, Stanton, & Newport, 2015). So, a visual 
manipulation of the size of the body would induce a different effect in healthy 
subjects, with an intact body representation, compared to patients who have a 
representation of the body distorted (Tsay, Allen, Proske, & Giummarra, 2015).  
Furthermore, it has been recently discovered that, to be effective in lowering pain 
intensity, the visual feedback relative to the body has to be “live” as in a real time 
video rather than static as in a picture, at least with chronic lower back pain patients 
(Diers, Löffler, Zieglgänsberger, & Trojan, 2015).  
Altogether these findings disclose an important modulatory effect of the vision of 
one’s own body part while being in pain, both in healthy subjects for acute pain 
models and in patients with chronic pain. However, the representation of the body 
not only can be altered in patients, but it can also be manipulated experimentally in 
healthy subjects. For instance it is possible to incorporate a prosthetic arm in one’s 
body schema (Mayer, Kudar, Bretz, & Tihanyi, 2008). Moreover, fake body parts can 
be easily replaced with different versions of it, when it comes for example to their 
appearance. Therefore the question arises on whether the analgesic effect of the 
vision of one’s own body are transferrable to new dummy “owned” body parts, and if 
and how the vision of an altered body, shapes the pain experience.  
 
Rubber hand illusion and pain 
With a simple experiment, Botvinick and Cohen demonstrated that intermodal 
matching between a touch felt on a hidden hand and a concomitant tactile 
stimulation seen on a rubber hand, led the majority of their participants to 
experience the so-called rubber hand illusion (RHI) (Botvinick & Cohen, 1998). For 
the participants, this illusion brings about the feeling that the rubber hand is their 
own real hand (body ownership) (Botvinick & Cohen, 1998). At the neural level this 
sensation is reflected by an increased blood oxygen level–dependent (BOLD) signal 
in the bilateral premotor cortex (Ehrsson, Spence, & Passingham, 2004).  
Interestingly, such illusion is not constricted to the hand only, but it can be 
transferred to the whole body (Petkova & Ehrsson, 2008; Petkova, Khoshnevis, & 
Ehrsson, 2011).  
Probably the first study to use the principles of the RHI on pain perception has been 
the one carried out by Valenzuela-Moguillansky and colleagues (Valenzuela-
Moguillansky, Bouhassira, & O’Regan, 2011). In two separate experiments the 
authors showed how, immediately after the RHI, pain ratings to painful heat stimuli 
decreased, while the mere observation of the rubber hand without any concomitant 
tactile stimulation did not yield such analgesic effect. Conversely, in the second 
experiment the authors found that the pain ratings were higher right after 
synchronous visuo-tactile stimulation (RHI), than after the asynchronous visuo-
tactile condition, although this difference was not significant between conditions. 
They interpreted these controversial results taking into account different possible 
factors such as, among others, the ‘violation of the expectation’ taking place during 
the asynchronous condition (Lewis & Lloyd, 2010), which would lead to disturbing 
and ambiguous sensations, possibly drawing more attention than during the normal 
RHI. Also, the authors called into play the role of different types of changes in the 
body schema of their participants, namely incorporating the rubber hand and 
disowning the real one. In this case, the vision of an “owned” rubber hand, painfully 
stimulated, would bring about higher pain ratings (Valenzuela-Moguillansky, 
Bouhassira & O'Regan, 2011).  
Body ownership illusions have not been limited to a rubber limb, but they have also 
been extended to whole bodies. Based on a slightly different type of experimental 
paradigm, Hansel and co-workers reported how by stroking the participants’ back 
and a mannequin’s back placed in front of them, the participants’ pressure pain 
threshold increased as compared to when the participants looked at a non-corporeal 
object; moreover, the stronger the self-identification with the mannequin the higher 
the pain threshold (Hänsel, Lenggenhager, von Känel, Curatolo, & Blanke, 2011). 
However, it should be pointed out that in this experiment there was a lack of 
correspondence between the body part seen (the mannequin’s back) and the real 
body part receiving painful stimuli (the index finger). In addition, in the paradigm 
used by Hansel and co-workers the dummy body is seen from a third person 
perspective and this, along with multisensory correlations, can lead to the so-called 
Out of Body Experience (OBE) phenomenon (Ehrsson, 2007; Lenggenhager, Tadi, 
Metzinger, & Blanke, 2007). It could be that, under these circumstances, the 
analgesic effect of seeing their own body part in pain may be mistaken for other 
analgesic effects, likely related to attentional mechanisms, or due to disownership (of 
the real body) processes taking place during the OBE (Guterstam & Ehrsson, 2012).  
So, whether the analgesic effect of the vision of the body held true for the vision of an 
“owned” rubber hand, has yet to be properly ascertained. In two different 
experiments conducted by two independent labs, Mohan and colleagues reported 
that during the RHI, their participants failed to show a significant modulation of the 
heat pain as assessed by a visual analogue scale (VAS). Also their participants did not 
report a modulation of either heat or cold pain threshold (Mohan et al., 2012).  
However, in disagreement with Mohan’s finding are the results of another RHI-pain 
study. Using three conditions in a within subjects design, Hegedus and collaborators 
found  that both RHI and vision of the own hand resulted in slightly (but 
significantly) higher pain thresholds, compared to the asynchronous stroking control 
condition (Hegedüs et al., 2014).  
Recently, the RHI paradigm was used to investigate its effects on the perceived 
discomfort caused by cold stimuli. In their experiment, Siedlecka and colleagues 
applied ice on the hand of their participants, right after the induction of the RHI 
(Siedlecka, Klimza, Łukowska, & Wierzchoń, 2014). Two distinct groups of 
participants were considered, one experimental group where stroking was timely and 
spatially synchronized, and a control group where the stroking was spatially 
incongruent. The authors found that resistance time to cold stimulation increased 
and the sensation of discomfort decreased in the experimental group, compared to 
the resistance time and discomfort levels reached in the control group. Furthermore, 
the strength of body ownership illusion correlated positively with cold resistance 
time and with the experienced unpleasantness. These results would support Hegedus 
and colleagues’ findings, according to which during the vision of an owned rubber 
hand the thermal pain threshold increases, similarly to what happens during the 
vision of one’s own real body part in pain. Further support to these findings derive 
from an experiment with the RHI and the cold pressor test carried out by Giumarra 
and coworkers. In their experiment these authors found that pain tolerance 
significantly increases following the RHI compared to a control visuo-tactile 
asynchronous stimulation (Giummarra, Georgiou-Karistianis, Verdejo-Garcia, & 
Gibson, 2015). 
By promoting the feeling that a rubber limb is one’s own real limb, the RHI would 
foster a reorganization of the body image with consequences on the perceptual 
processes (Longo, Schüür, Kammers, Tsakiris, & Haggard, 2009). Indeed, the 
physical appearance of the rubber hand seems to play a major role in driving the 
modulatory effect of the vision of the body on pain perception.  So, the analgesic 
effect of seeing the “own” body can be abolished, or can even lead to hyperalgesic 
effects (i.e., higher pain/increased sensitivity to pain), if the “owned” prosthetic hand 
looks injured. For instance, capsaicin-induced pain is worsened by the vision of an 
“owned” rubber hand that has a scar (Giummarra et al., 2015). Similarly, Osumi and 
colleagues found that the heat pain threshold significantly decreases when the 
“owned” rubber hand looks injured, not only compared to when it looks normal, but 
also when it is abnormally bent or very hairy (Osumi, Imai, Ueta, Nobusako, & 
Morioka, 2014).  
The majority of studies reported here suggest an analgesic effect of the vision of a 
rubber hand when the hand is incorporated into one’s own body image. Further, the 
visual characteristics of the rubber hand could heavily modulate the ongoing pain. 
Nonetheless, further studies are needed to verify the presence of any causal 
relationship between the affective dimension of body image and pain perception. 
This could be facilitated by the usage of between- instead of within-subjects designs 
and by relying on statistical models that address causation, for instance, path 
analysis and structural equation modelling (Leppink, 2015). Research manipulating 
affect without changing visual appearance, and measuring the relation between affect 
and pain, independent of visual appearance, could also help explore whether there 
are any causal relations between the affective dimension of body image and pain 
perception. 
 
Virtual hand illusion and pain 
The term virtual reality (VR) was possibly used for the ﬁrst time by Antonin Artaud 
in 1938 in dramaturgy (Artaud, 1938). However, the term as we currently mean it 
was first introduced in 1989 by Jaron Lanier (Lanier, J., Minsky, M., Fisher, S., 
Druin, A., 1989). Since then, many technological advances have been made in terms 
of computer processing speed, video quality and tracking systems. Nowadays, VR is 
no longer a prerogative of the entertainment field only, but it has finally found useful 
applications in teleoperation, psychotherapy, rehabilitation and behavioural 
neurosciences (Tarr & Warren, 2002). Indeed, Immersive Virtual Reality (IVR) 
technology represents a powerful tool to generate sensory environments that can be 
replicated almost identically and that are under the full control of the experimenter ( 
Sanchez-Vives & Slater, 2005).  
At the beginning of this century, VR has been successfully introduced in pain 
management (Hoffman, Doctor, Patterson, Carrougher, & Furness, 2000). For 
instance, it has been shown how playing a video game in VR makes adolescent and 
adult patients with burn wounds feel less pain during their treatments (Hoffman, 
Doctor, et al., 2000; Hoffman, Patterson, & Carrougher, 2000). As objective evidence 
of VR analgesia, Hoffman and colleagues found in an fMRI brain scan study that VR 
greatly and significantly reduced pain related brain activity (Hoffman et al., 2004). A 
second fMRI study showed that the amount of pain reduction from VR was 
comparable to the analgesia from a moderate dose of hydromorphone pain 
medication (Hoffman et al., 2007). The analgesic properties of VR in this case have 
been largely attributed to its powerful distractive capacity, which would be higher 
than other similar non-VR interventions (i.e. video games on traditional PC screens), 
and would endorse an effective management of mild and severe pain states (Hoffman 
et al., 2011; Hoffman et al., 2014). In an elegant and comprehensive review by Malloy 
and Milling on the effectiveness of VR interventions for pain relief, it has been 
pointed out that immersive VR technology is more likely than non-immersive set ups 
to promote analgesia (Malloy & Milling, 2010). The disparity between these two 
technologies in terms of pain outcomes would be greatly due to the distractibility 
given by the sense of presence, that refers to the feeling of being actually immersed in 
the virtual world, which would be much higher in immersive scenarios (Sanchez-
Vives & Slater, 2005). The analgesic effectiveness of the immersive scenarios would 
be further improved by the usage of High-Tech helmets, which enables a wider field-
of-view, likely boosting the sense of presence and drawing more attentional resources 
(Hoffman et al., 2006). Additionally, not only the sense of presence influences the 
effectiveness of VR through distraction, but also anxiety as well as positive emotions 
such as fun, may affect the experience of pain during the VR exposure (for an 
extensive review on the topic, see Triberti, Repetto, & Riva, 2014). For example, 
Maani and co-workers found that patients (soldiers with severe combat-related burn 
injuries) reported significantly less pain and rated fun during burn wound care 
significantly higher during VR (Maani et al., 2011). However, not only VR can be 
used to display virtual interactive scenarios that promote sense of presence and 
attentional engagement, but it has also been used effectively in the induction of the 
illusion of ownership over a virtual body (Bergström, Kilteni, & Slater, 2016; 
González-Franco, Peck, Rodríguez-Fornells, & Slater, 2014; Kilteni, Grau-Sánchez, 
Veciana De Las Heras, Rodríguez-Fornells, & Slater, 2016; Kilteni, Maselli, Kording, 
& Slater, 2015; Kilteni, Groten, & Slater, 2012; Kilteni, Normand, Sanchez-Vives, & 
Slater, 2012; Maselli & Slater, 2013; Slater, Perez-Marcos, Ehrsson, & Sanchez-Vives, 
2008, 2009). Similar to what happens in the aforementioned RHI, during this 
illusion, participants feel a virtual body part as belonging to their own body, and this 
feeling can be extended to the entire virtual body (Maselli & Slater, 2013). Such 
process can lead to profound psychological (Peck, Seinfeld, Aglioti, & Slater, 2013) 
and perceptual (Banakou, Groten, & Slater, 2013) consequences, as people react to it 
as if it was their own real body (Slater, Spanlang, Sanchez-Vives, & Blanke, 2010). On 
this premise, Martini and colleagues tested the effect of virtual body ownership on 
pain perception. The authors showed how only during the vision of a virtual arm 
there was a substantial increase in the pain threshold as compared to the vision of 
either a virtual or a real object. Notably, the effect was not attributable to the mere 
observation of the virtual arm but, rather, the feeling of ownership over the virtual 
limb was crucial for the analgesic effect to emerge (Martini, Perez-Marcos, & 
Sanchez-Vives, 2014). Therefore it seems that the analgesic effect of the vision of 
one’s own body part in pain holds true even during the vision of a virtual body, 
provided that there is a feeling of ownership over it. Once again, the analgesic effect 
seems to be strictly connected with the visual properties of the body. So for instance, 
if the body visually fades away, also the pain sensation will be affected by it. This has 
been shown in a study where, in different conditions, the avatar’s body was rendered 
with different levels of transparency. Here, the more the participants felt that the 
transparent virtual arm was their own limb, the lower was their heat pain threshold 
(Martini, Kilteni, Maselli, & Sanchez-Vives, 2015). Therefore, similar to what has 
been found for rubber arms, the vision of an altered body can disrupt the emergence 
of the analgesic effect and it could even possibly drive hyperalgesic processes. 
However, there are other visual manipulations of the body that can interestingly 
reveal why such pain modulations occur. In an experiment using visual 
manipulations of the virtual body and thermal pain threshold, changes in colour of 
the virtual arm during ramps of heat painful stimuli drove the pain threshold of the 
participants according to the kind of colour displayed: the vision of a bluish “cold” 
arm led to a higher pain threshold as compared to a reddish “hot” arm, while a 
neutral green arm stood right in the middle (Martini, Perez-Marcos, & Sanchez-
Vives, 2013). Exploiting the powerful association that colours have with 
temperatures, the vision of one’s own arm changing colour has triggered top-down 
processes that differently modulated pain perception. 
Recently Romano and co-workers reported that physiological responses to pain, as 
measured via SCR, are reduced when the participants look at the avatar’s body from 
a first person perspective as compared to the vision of the avatar’s body turned 90 
degrees from the real. Moreover, in the same study the authors show how the 
physiological response is negatively correlated with the size of the virtual body, so 
that the bigger the body the lower the SCR (Romano, Llobera, & Blanke, 2015). This 
result would support the effects of the vision of the own magnified body part on pain, 
which in healthy subjects would boost analgesia (Mancini et al., 2011a; Romano & 
Maravita, 2014).  
-------------------------------------Fig 1 about here please------------------------------------ 
Conclusions  
Body and pain are strictly related, since the former is where the latter ‘happens’ and 
is at the same time perceived. Even the neural representation of the body seems to be 
quite critical in shaping the pain experience. For instance, many chronic pain 
patients report having a distorted representation of their affected body part (Gilpin et 
al., 2015; Melzack, 1990) and cortical misrepresentations of the body are associated 
with chronic pain states (Lotze & Moseley, 2007; Preston & Newport, 2011). 
However, it is not completely clear whether the vision of the body promotes a correct 
representation of the body via online visual feedback. Additionally, it is known how 
pain can be modulated by different psychological factors. In pain experiments 
involving the usage of a dummy body, these factors interact with the illusion of body 
ownership and with the physical properties of that body, modulating the pain output 
(fig.1). For instance patients with schizophrenia, as well as healthy subjects taking 
psychoactive drugs mimicking its symptoms, are more likely to experience the 
illusion of ownership over a rubber hand (Morgan et al., 2011; Peled, Ritsner, 
Hirschmann, Geva, & Modai, 2000). At the same time anxiety, depression and anger 
are known to increase pain, while positive emotions usually decrease perceived pain 
(Peters, 2015). Cognitive factors such as  attention, expectancy, appraisal and 
multisensory integrations can either increase or decrease pain and interact with 
emotional factors (see Peters, 2015; Senkowski, Höfle, & Engel, 2014; Triberti et al., 
2014, as recent reviews on these topics). The physical appearance of the body may 
also play a significant role. Indeed the vision of a distorted body appearance may 
modulate the body ownership levels (Martini, Kilteni, Maselli, & Sanchez-Vives, 
2015), but it may also affect psychological factors such as body image (Osumi, Imai, 
Ueta, Nobusako, et al., 2014) and modulate pain perception during illusory body 
ownership paradigms (Martini, Perez-Marcos, & Sanchez-Vives, 2013; Martini, 
Kilteni, Maselli, & Sanchez-Vives, 2015; Osumi, Imai, Ueta, Nobusako, et al., 2014; 
Osumi, Imai, Ueta, Nakano, et al., 2014) or in studies involving the vision of one’s 
own real body (Mancini, Longo, Kammers, & Haggard, 2011b; Romano & Maravita, 
2014).  
Attention is certainly one of the most important factors in the modulation of pain 
(Legrain et al., 2009).  Yet, the analgesic effect linked to the vision of one’s own body 
is far from merely being due to distraction mechanisms. Interestingly, it has been 
proposed that such effects entail the shaping of the somatosensory maps in the 
primary somatosensory cortex, through an increase in the intracortical inhibition 
(Haggard, Iannetti, & Longo, 2013). Studies relying on bodily illusions, either taking 
into account rubber hands or virtual limbs, suggest that this analgesic effect can be 
transferrable to the vision of fake dummy bodies, provided that these are perceived 
as belonging to one’s own body. Nonetheless, further studies are needed to disclose 
the full potential that bodily illusions might have on pain, especially with the use of 
IVR. For instance, future investigations making use of dummy bodies or virtual 
reality set-ups may want to consider much larger sample sizes to gain a greater 
statistical power, to be able to better understand the contribution that the subjective 
feeling of ownership over fake body parts has in pain modulation. How the vision of 
the body and emotional/cognitive factors interact must also be better elucidated. In a 
recent research article using two different heat-pain intensities, it has been shown 
that viewing their own body, as compared to viewing a non-corporeal object (a foam 
block), brought about a report bias toward higher pain judgments in the participants, 
as well as a reduction in the discriminability between the stimulation intensities. 
However, seeing the thermode probe approaching the body eliminated the reduction 
in discriminability (Beck, Làdavas, & Haggard, 2016). Importantly, the authors 
reported that such difference was not accounted for differences in stimulation 
predictability. These findings show the importance played by psychological  factors, 
such as task-related goals and the visual context, in shaping the pain experience 
during the observation of the body (Beck et al., 2016).  
At last but not least, despite the abundance of neuroimaging studies on pain 
perception, the majority of the studies on pain and the vision of the body during 
illusory body ownership were conducted without using neuroimaging techniques. 
Future studies on this field may consider the utilization of brain stimulation (for ex. 
TMS, tDCS) and/or brain imaging techniques (for ex. fMRI, EEG, fNIRS) to shed 
further light on the identification of a neural web underlying this complex 
phenomenon.  
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Fig. 1 
Schematic representation of the factors involved in pain modulation during body ownership 
(B.O.) paradigms: multisensory correlations facilitate the onset of B.O. over a fake body part, 
but multisensory cues may also modulate pain perception. The appearance of the body may 
regulate B.O. levels but also affect psychological factors such as body image and affect pain 
perception. Psychological factors embrace both cognitive (e.g. attentional resources, 
expectancy and appraisal) and emotional factors (e.g. positive or negative mood).   
Both body appearance and multisensory processing are strictly related to the 
affective/cognitive domain of the “psychological factors” group, but here are depicted as 
separate factors for the sake of clarity, because they are often studied as separate factors in 
B.O. experiments, and may contribute to shape the pain experience independently. 
 
